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Development of oral delivery method of biopharmaceutics using extracellular vesicles
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Biopharmaceuticals have been actively developed. Among the routes of administration, oral administration is expected to be
the most convenient route for patients. However, the absorption efficiency of biopharmaceuticals after oral administration is
low, so it is desirable to develop a method to improve the absorption efficiency. Extracellular vesicles (EVs), which are cell-
derived membrane vesicles, are expected to improve absorption efficiency. However, information on the behavior of EVs in
the gastrointestinal tract has been poorly analyzed. On the other hand, it has become clear in recent years that EVs are not
simply classified by particle size as previously thought, and that there may be many more types of EVs. However, methods
for fractionation and recovery of these EVs have not yet been established, and methods for recovery of EVs with different
sizes and surface charges need to be investigated. In addition, there is no information on the effects of different types of EVs
on their behavior in the gastrointestinal tract. In this study, we established a method to collect various EVs and evaluated
their absorption after administration in the gastrointestinal tract. The detailed behavior of EVs in the gastrointestinal tract
was then examined. In order to improve the behavior in the gastrointestinal tract, we also evaluated the effects of modifying
the EVs with various peptide ligands. The results are detailed below.

Firstly, we established a method for the recovery of various EVs from the supernatant of cultured cells. The first step was
to establish a method for the recovery of EVs of different sizes. Centrifugation was performed in steps to collect relatively
large extracellular vesicles (IEV) by precipitation at 10,000g and small extracellular vesicles (SEV) by further precipitation
at 100,000g. Extremely small extracellular vesicles (esEV) were recovered by further fractionation. The recovered fractions
were observed by electron microscopy and were found to be particles with diameters of 500 nm, 100 nm, and 30 nm,
respectively. The highest amount of SEV was recovered, followed by IEV and esEV. Next, the possibility of recovering EVs
with different charges was examined. sEV with a weak negative charge was successfully recovered by anion exchange
chromatography, albeit in small quantities. Although this weakly negatively charged sEV had interesting kinetic properties
that differed from those of normal sEV, it was considered to be difficult to utilize due to the low amount recovered.

We decided to evaluate the kinetics of the three recovered sEVs of different sizes after oral administration for each EV
labeled with glLuc. The gluc-labeled sEVs were administered by injection into the duodenum. As a result, very small
portion of the administered EVs migrated into the blood. In addition, very small gluc activity was detected in the liver.

Next, we prepared three types of EVs fluorescently labeled with PKH67, a fat-soluble fluorescent dye, and observed their
distribution in the small intestine. As a result, EVs were localized in the mucosal lamina propria of the small intestine and
the underlying tissues. To identify the involved cells, we immunofluorescently stained the frozen sections with antibodies
against the vascular endothelial cell marker CD31 and the macrophage marker F4/80, and observed the co-localization with
F4/80, but not with CD31. Co-localization with macrophages was observed more frequently, especially in SEV. Based on
these results, SEV was targeted for further study.

Functional peptides were added to sSEV for the purpose of controlling its kinetics after administration in the gastrointestinal
tract. The functional peptides selected were TAT and penetratin, which are membrane-permeable peptides, cyclic DNP, which
has been reported to improve the permeability of high-molecular-weight drugs in intestinal epithelial cells, AT-1002, a tight
junction opening peptide, and CKS9, an M cell homing peptide. Each peptide-loaded sEV labeled with the prepared gluc
was administered intraduodenally, but the transfer efficiency into the blood was almost unchanged. Next, we loaded each
peptide onto PKH67-labeled sEV. It was found that loading of AT-1002 or CKS9 on sEVs increased tissue penetration of the
sEVs. These results suggest that the permeability of SEV in the gastrointestinal tract can be enhanced by the modification with
these peptides.

In these studies, SEV administered in the gastrointestinal tract was considered to be a very useful method for the delivery
of biopharmaceuticals to macrophages in the gastrointestinal tract. Therefore, we selected ulcerative colitis with dextran
sulfate sodium, an inflammatory bowel disease, as the model disease, and interleukin-4 (IL4), a cytokine capable of
inducing inflammatory macrophages into anti-inflammatory macrophages, as the biopharmaceutical to be loaded on the
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SEV. The establishment of the preparation of SEV loaded with IL4 and the anti-inflammatory capacity of the SEV were
confirmed in vitro. For administration to mice, we established a method of administering SEV into the colon by insertion of
a catheter through the anus as intra-gastrointestinal administration without opening the abdomen, assuming multiple
administrations. The therapeutic efficacy of sEVs containing L4 showed a tendency to suppress inflammatory responses.
We have established recovery methods for EVs with various characteristics and clarified their pharmacokinetic
properties, which may be important knowledge in a wide range of EV research fields. In addition, EVs administered into the
gastrointestinal tract were found to be directed toward macrophages and other immune cells, which is a useful finding that

indicates the possibility of developing immunotherapy using EVs as a biopharmaceutical.



